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DETECTOR ARRANGEMENT FOR MICROFLUIDIC DEVICES 
TECHNICAL FIELD 

The present invention concerns a detector arrangement that is ads^ted to measure radiation 
5 from detector areas in the surface of a microfluidic device. The arrangement comprises a 
detector unit with a detector head and other units enabling for the detector unit i^coUect 
radiation from the detection areas. 

The microfluidic device typically comprises a disc with at least one essentially planar 
10 sur&ce in which the detection areas are located. Bach detection area is associated with a 
detection microcavi^ which is part of a microchannel structure. The disc is primarily 
circular with an axis of symmetry perpendicular to the disc surface. 

The present invention also concerns a method in which the mctiation from a detection area 
15 is related to the presence/absence and/or amount of a certain substance in the detection 
microcavity that is associated with the detection area. The presence/absence and/or amount 
of the substance in turn reflect the result of processing one or more liquid aliquots within a 
mi^ochaimel structure. The liquid aliquots may contain the substance or one or more 
reagents that due to the processing are transformed to the substance. The term reagent 
20 includes an analyte. 

The present invention also comprises software related aspects that can be used for 
performing integration of radiation signals as a function of subaxeas of individual detection 
areas of a microfluidicdevice. 

25 

The term rotating wUI be used synonymously with spinning but will also include step-wise 
rotation of a disc. 

B ACXGROUNP PWUCATIONS 
30 Detector arrangements for measuring radiation signals from individual detection areas on a 
circular substrate have been described in a number of previous publications. See for 
instance: 
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EP 392475 (Idemitsu Pecrochemical Co, Yamaji Kazutaka el al) describes an analysis 
apparatus comprising a rotatable disc combined with a movable detector head that can 
transverse the disc in radial directioit The surface of the disc is divided into sectors. In one 
embodiment, there is a sensitized peripheral region/band in each sector. The bands are 
5 sensitizsed with antibodies specific to certain antigens that occur in sman. In use the 
oriffboal antigens labeled wift a fluorescent group togedier with a soum sample is affiled 
to the disc at an inner position relative to the band. By ginning the disc the saxnple phis 
the labeled antigens will pass the immobilized antibodies where they are conrplexed with 
the antibodies and detected. 

10 

US 5994150 (Lnation Corp, Challcner et al) suggests in general terms an analysis 
apparatus which combines a disc having a plurality of regions sensitized to one or more 
substances (sensor disc) with a detector and a motor for rotating the disc such that each 
sensitized region moves proximate to the detector. The apparatus utilizes optical difOraciion 
IS phenomena in surfaces including surface plasmon resonance. Antibodies and antigens and 
indicator dyes may be used to sensitize the disc. Sensitizing substances are illustrated with 
enzymes, antibodies and antigens. There are no microchannels for transportii^ liquid 
aliquots. 

20 US S892S77 (The University Couit of the University of Glasgow, Gordon) describes a system for 
the optical inspection of a biological sample on a rotating disc in which radiation leaving die disc 
contains one component indicating the presence of a substance in the sample and another 
component containing inlbraiation about the position of the substance. The use of a home mark on 
the disc is indicated. 

25 

WO 9721090 (Camera, Mian et al) suggests that various kmds of detector aziangements 
can be applied to microfluidic devices in which liquid flow is created by spinnmg a 
' ^ microfluidic disc. 

30 Duffy et al., '*Micro&bricated Ontrifugal Microfluidic systems: Characterization and 
multiple Enzymatic Assays" (Anal. Chem. 71 (1999) 4669-4678) describe a colourometric 
enzyme assay in the microfluidic device of WO 9721090. Absoibance measurement is 
' _ , • done while spinning the device. Fluorescence principles are indicated. 
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WO 0040857 (Amersham Phamiacia Biotech AB, Bjdxkesten et al) suggests in one 
embodiment a linear detector head that scans a circular area by oioving the head around the 
center of the area. The linear detector head comprises one or mem rows of detector 
5 elements and is used to detect spots containing a labelled substance. The scanned area is 
primaririly a 2-D electrophoresis ^I. Microfluidic device^oe npt mentioned. 

BACKGROUND TECHNOLOGY AND THE PROBLEMS RELATED TO THE 
PRESENT INVENTION 

10 The present invention belongs to the field of miniatuzization of processes which comprise 
sample treatment, assay protocols, chemical and/or biochemical synthesis etc within 
medicine, chemistry, biochemistry, molecular biology and the like. At present one 
important goal within this field is to reduce the costs for these processes, for instance to 
reduce the amount of reagents needed per assay, reduce time per assay, etc. One route has 

1 S been to increase the degree of parallelity , for instance by iniegzating as many as possible of 
similar process runs in one and the same device in order to cany out all the ions in paralleL 
At present, large numbers of research grotq>s and companies are involved in developing 
technology that will solve the numerous problems encountered 

20 One problem is related to the optimal way of configuring the detector in relation io the 
miorodevice used for performing the processes while maintainiiig an acceptale sensitivity 
and reproducibility. This problem may become particularly pronounced if the measuring 
Step is performed by continuously moving the detector unit and the detection areas of a 
microfluidic device relative to each other during die measurement operation. 

25 

Another problem arises if the microfluidic device is in the form of a disc which is skewed 
because then it becomes difficult to maintain the optica] focus in fte right position relative 
to the detection areas. Without proper arrangement skewed discs will reduce sensitivity. 
This problrai in particular applies to discs made of plastic material. 

30 

Another problem is related to maintaining an acceptable soisitivity and rejHoducibility 
when changing sample volumes from the ^1-range to the nl-rapge and perfomiing the 
process protocols with a high degree of parallelity within die same device. We have found 
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that under these circumstances the materials firom which the microfhiidic devices are 
fabricated and the various treatments durijog the numufiictttring and conditioning of the 
devices easily introduce signal aitifacts that are of the same kind and of compafable or 
larger size as the desired signals. 

5 

During recent years it has become popular to fid>ricate micfofluidic devices in plasdc 
material. This kind of material is typically hi^y fluorescent C'anto-fluorescent*') with 
emission wavelengths covering most of the wavelengths normally utilized in fluorescent 
measurements. Compared to microtitft wells and other uncovered microstructores the 

10 problem becomes more severe for the kind of covered microchannel stmctures used in the 
present invention, because the exciting and emitted radiation has to pass through plastic 
material. For transparent plastic material there is also a problem with *'cross-talks" between 
the detection area/detection microcavities. Similar problems may also be at hand for 
spectroscopic methods in which the radiation to be measured is created widiin the 

1 5 detection microcavity (for instance chemiluminescence, hxolununescence etc). 

A more recent fnoblem relates to die fact that the present assignee recently has managed to 
control the liqmd flow in ndcrofluidic devices containing a phuality of microchannel 
structures in such a way that the inter-chaiuiel variation for a device with respect to flow 
20 becomes insignificant This progress has enabled for the assignee to quantify with a low 
inter-assay variation and a high sensitivity analytes^ such as antigens, in the subfemtomole 
range in nl-volumes by carrying out the solid phase reaction of a heterogeneous sandwich 
immunoassay under flow conditions in small columns (nl-columns). This has raised die 
question about mcasxiiing the amount of an afTinity complex such as an immune complex 
2S as a function of position along the flow direction in a column. See our copending US 
r:\ application SN 60/322,621 and SE application (SE 0103117-8) filed on September 17, 

: 2001. See also assignee's poster presented on September 17, 2001 at Proteomic Forum 

... . : S^tember 16-19, 2001, Munich, Germany 



30 OBJECTS OF THE INVENTION. 

The main object is to meet the problems discussed above. 
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A first subobject is to provide an improved detector arrangement and/or an improved 
method that enable parallel measurements of several detection areas in the surface of a 
miciofloidic device of the land described herein. 

5 A second subobject is to provide a detector arrangement and a method that gives a hig|h 
accuracy and reproducibility with respect to collecting radiation fhmi ttie individual 
detection areas of a microfluidic device of the kind described herein. A similar subobject 
applies to irradiation if the detection principle used requires irradiation before collection of 
radiation. 

10 

A third subobject is to provide a detector arrangement and a method that enable an 
improved sensitivity for measuring a substance which is present in a detection microcavitiy 
of a microfluidic device via a detection area associated with the detection microcavity. 
This object means determination of amounts that are ^ 10"*^ mole, such as is; 10*'^ mole or 
15 !S 10"'' mole» for instance in nl-volumes within the microfluidic device. These limits also 
refer to amounts of an analyte in a liquid sample which is introduced into and processed 
within a microcharmel structure so that the radiation collected is a function of the 
presence/absence and amount of the analyte in the sample. 

20 A fourth subobject is to manage measuring fluorescence and/or luminescence signals with 
a sufficiently high accuracy and reproducibility from individual detection areas thai are 
present in the surface of a disc that is part of a microfluidic device of the kind described 
herein. 

25 A fiflh subobject is to provide a method for coQecting and treating radiation data from 
• detection area from microfludic devices ofdie kind described herein. 

A sixth subobject is to provide software and methods enabling accurate integration of 
radiation deriving from a desired substance as a function of subareas of individual 
/ : ' 30 detection areas. In particular this subobject aims at avoiding the problems discussed herein 

- : - which we have found may appear when measuring low amounts of substances with a higb 

: ' ' : accuracy in microfluidic devices. 
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lliese objects in panicular apply to measuremenis in discs that are spinning. 
LEGENDS TO THE DRAWINGS. 

Figure 1 illustxates a schematic view on an anangement of the invention and its main 
5 parts. 

;^ Figure 2 iUustrates a detected head placed above a disc (miciofluidiG device) (cross- 

sectional view). 

Figure 3 illustrates a set of microchannel structores that can be used in a circular disc. 

10 THE INVENTION 

We have now zecognized that these objects and otheis can be achieved by the present 
invention. 



THE FIBST ASPECT 

15 The first aspect of the invention is a detector arrangement that is adapted for measuring 
radiation fhwn a plurality of detection areas (317a^,c etc in figure 3) each of which is 
associated with a detection microcavity (306a,b^ etc in figure 3) in a microfluidic disc 
(101 in figure 1, 301 in figure 3). With reference to figure 1, the anangement comprises: 
(a) a detector head (102) widi a focal area, and 
20 (b) a disc holder (105) and means I (103,104) enabling for the detector head (102), ie. the 
focal area, and fte disc to move relative to each odier so that ttie focal area will 
transverse the surface of the disc (101) in an essentially circular mannor when die disc 
is placed in the disc holder (105), and 

(c) means 11 (106,107) enabling for the detector head (102), i.e. the focal area, and the disc 
25 to move relative each other so that the focal area will tzansverse the surface of the disc 

(101) in an essentially radial direction when the disc is placed in the disc holder (105), 
and 

(d) an angular aligning system (108J09) for recognizing the angular position of the part 
area which at a particular lime is covered by the focal area, and 

30 (e) an optional radial aligning system (110,111) for recognizing die radial position of Hxc 
part area which at a particular time is covered by the focal area, and 
(f) a controller (112), e.g. computer with software, that controls 
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(i) that means I and means II will cause the focal area to transverse the detection areas 
(317a*^%c' etc) in an annular zone of the disc, and 

(ii) that the detector head (102) successively collects radiation in a preselected manner 
from individual subareas of essentially die same size as the focal area within at 

S least one of the detection areas in said annular zone. 

The term **in a circular manner** above means around the centre of the disc (circumferential 
direction). Tbe annular zone referred to comprises one or more detection areas. There may 
be one, two, three or more such annular zones on the microfluidic disc device described 
10 herein. 



Means I comprises three main variants with respect to how the disc and detector moves: 

(1) the disc is rotating around its axis of symmetry, 

(2) the detector head (focal area) is circulariy moving around the axis of symmetry of the 
15 disc, and 

(3) a combination of (1) and (2). 

Means II comprises ^aee main variants with respect to how the disc and detector head 
moves: 

20 (1) the disc is laterally moving in front of the detector head, 

(2) the detector head (focal area) is laterally moving over the disc suzfiice* and 

(3) a combination of (I) and (2). 



The innovative arrangement is illustrated in figure 1. 

23 

Means I and the angular augning system for the detector head. 
In a typical variant, the detector head (102) and the motor (103) (e.g. a spinner) with a 
lotatable shaft (104) carrying a disc holder (105) are supported on a frame structure (113). 
The motor (103) controls the rotating speed thai can be varied, e.g. within an interval 
30 between 0-15 000 ipm, such as within an interval between 60-S 000 rpm. The rotation of 
the disc may be stepwise. When the disc is rotating the focal area of the detecttu- head will 
successively scan angulasiy adjacent part areas of the disc surface. Means I in IB^re 1 is 
according to variant (I) above and comprises the motor (1113) and the shaft (104). 
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The disc holder (105) is preferably a plate on which the disc can be placed. The disc holder 
could also be a device that holds the disc at its periphery. In order to reduce wobbling of 
the disc (if the disc is slcewed), die side (1 14) of xhc plate facing the disc may con^iise a 
5 system of evenly distributed uncovered shaUow grooves or channel opmings that are 
cranected to a vacuum system by which the disc can be sucked to the plate. See for 
instance our co-pending SE application 0103109-S filed on September 17, 2001. 

Detection areas may be present in one or both sides of the disc. If the disc holder is in the 
10 form of a plate as illustrated in figure 1 and the microfluidic disc has detection areas on the 
side opposing, it is important to secure that the plate does not disturb the collection of 
radiation. The plate may thus have a smaller diameter than the disc with the detector areas 
being located in an annular zone that is not covered by the plate. Alternatively, the plate 
may be in a material that is translucent for the radiaticm utilized for die measurement, at 
15 least at the detector areas. 

The angular aligning systrai may comprise 

(1) a device that will enable the determination of when a prcdetemuned angular position of 
a disc placed on the disc holder is in front of the ob^ecave of ihe detector head (102) 

20 (i.e. covered by the focal area), and^or 

(2) a home position mark detector (108) which is able to detect when a home position 
mark (305) on a rotating disc (101) placed on the disc holder (105) is passing. 

A home position mark (305 in figure 3) is preferably placed in an outer circumferential 
25 zone outside the detection areas or in some otiier position, which can be detected with high 
accuracy. The position coordinates of each specific spot of die surface of the disc is given 
as the angular position relative to the home positiim mark and as the radial position relative 
to the circumference or axis of synmietry or relative to any other arbitrary fixed position on 
the disc. 

30 

A home position mark detector (108) typically has a fixed position outside die disc, for 
instance on the fiame structure (113). 
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An accurate and prefeaed alternative for detennining when a predetermined angular 
position is in front of the objective is to include an encoder that progressively gives the 
angular distance fiom the home position mark while the disc is rotating. This kind of 
encoder (109) is typically associated with means I, for instance the motor (1Q3)» the shaffc 
5 (104) or the disc holder (105). By associating die encoder dizectiy with the disc (101) it is 
likely that the most accurate determination will be accomplished. T|e encoder typically 
divides eadi revolution of the shaft into a large number of grades, £br instance > 5 000, 
such as > 10 000 or > 20 000 or > 30 000. A simple but less accurate altemaiive is to 
include calculating means that calculates the time needed from a preset rotation speed and 
to the angular distance between the predetermined position and the home position mark (ie. 
from the preset rotation speed and the angular position co*ordinate). This kind of 
calculating means may be associated with the controller. 

The angular aligning system should be able to give the angular position coordinate for the 
15 part of die disc which is hi front of the objective with an accuracy of ± l^ such as within ± 
0. P or within ± 0.01^ OP^^^^ t^i^ ^^^"^ revolution). The exact accuracy needed 
will depend on the size of the disc, radial position of the detection area, the required 
sensitivity, size of detection area etc. 

20 Means II and the radial augninc system for the detector head. 

The detector head (102) is guided on a linear frame (106) that may be the upper part of the 
frame structure (113) for linear displacement and positioning in a first plane Pi^ 
transversely dmyogh die central axis CL of shaft (104) and running in a radial directioii 
thereto. The linear frame (106) prohibits uncontrolled movement of the detector head in 

25 any other direction relative this linear displacement The drive unit (107) for this 

displacement may be in ttie fonn of a translational responder for inctementally changing 
the position of the detector head (102) in said first plane Pt (radial movement) and for 
enabling scanning of radially adjacent subareas of a microfluidic disc device placed in the 
disc holder (105). Means 11 comprises the linear frame (106) and the drive uxiit (107) and is 

30 in figure 1 according to variant (2). 



The drive unit (107) is associated with a unit (110) for determining the linear displacement 
and thus also the radial position coordinate of the part of the disc which is in front of the 
olqective of the detector head (102). This unit (110) may be in the form of an encoder diat 
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gives a translational position and movement of the focal area (objective of the detector 
head) in relation to a translational home position (111) on the responder. This home 
position in turn may be associated with a unique radi^ position in the disc. The measuring 
unit (110) should be able to translate a translational position and movement of the detector 
5 head (fix:al area) into a radial position coordnuifeofthe disc used with a h^ 
typically within ± 10 ^m such as :fc 1 Htn or ± 0.1 (im. 

The drive unit (107) and the veitical height of plane Pi may be adjustable for focusing 
puiposes* 

10 

COfTIROLLER. 

Control means, for instance electronic and programmable control means (schematically 
illustrated by reference numeral (112) with operator's interface and software^ not further 
disclosed, may be assigned to the detector airangement among others for 
IS a) recognizing one or inore pairs ofscart/ssop-positions (angular and/or radial^ 

irradiating if the detection principle utilized requires irradiation and/orfor collecting 
radiation, 

b) identifying individual subareas in detection areas or elsewhere in the surftce of the 
disc, 

20 c) controlling the simultaneous rotating of the disc and die incremental radial 
displacement of the detector head (102), 

d) collecting radiation data from the detection areas/detection microcavities, 

e) treatment and presentation of the collected data, and/or 

f) determining the time at which a particular angular position is in front of the objective 
25 of the detector head from the rotational speed* e.g. 

Differ^ parts of the arrangement may coximiunicate (IIS) witti the controller (112). The 
controller will in die preferred variants instruct the detects: head to successively collect 
radiation firom distinct and preselected parts of the surftce of the disc. Typically the 
controller is programmed to start collecting radiation ai a position, primarily an angular 
30 and/or a radial position, which is phor to an intended detection area, and to end the 
collecting at a position* which is after the same detection area. Preferably the starting 
position and the ending position are at essentially the same radial distance. This means that 
the subareas from which radiation is collected primarily are located within detection areas 
although in preferred variants subareas close to the detection areas are also included. If tiie 
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radiation requires that the substance is irradiated which is the case if fluorescence is 
measured, the control means also defines the settings for the start and stop positions for 
irradiation. These latter settings are Qrpically essentially die same as for collecting 
radiation. 

5 

The start and stop signals for collecting radiation is pxeferably directly linkaed to the 
angular positions in the disc at which collection is to start and end, respectively. This also 
includes that due account is taken for delays that may be inherent in the system or preset, 
i.e. the start and stop signals may have to be initiated before the focal area is positioned in 

10 front of the start and stop position, respectively. If the angular aligning system comprises 
an encoder, the encoder signals coiiesponding to a start position and a stop position aie 
used to define the time period during which radiation is to be collected. In an ahemative, 
the Stan and stop for collecting radiation is linked to a preset rotating speed, Le. the 
controller calculates from a preset rotating speed the time at which ttie start and stop 

15 position should be in front of the objective. 



The controller may be programmed to change die radial position of ihc detector head (focal 
area)afierapredetertninednumberof revolutions of the disc, for instance aAser 1, 2or 
more revolutions with preference for 1 . 

20 

The controller may be capable of changing the radial position of the objective (focal area) 
during a revolution of the disc. For these variants one can envisage that radiation is 
collected for all relevant subareas at a common angular positicm before die disc is rotated 
(in a single step) to a subsequent angular position. In an alternative variant the objective 
25 (focal area) is transverslng the disc surface in a spiral-like manner, i.e. the radial position is 
changed successively during a revolution. 



In the prefmed variants the collected radiation data is stored in a form that is retrievable 
for eadi individual subarea, for instance in the control tmit. This means that after collecting 
30 of radiation, it will be possible to represent the collected data as a 3-D image of the 

detection area showing the amount of radiation from each individual subarea. In the case of 
overlapping subareas (see below) the proper treatment of the data takes into account the 
overlapping effect and creates a true image of the radiation associated with dififerent parts 
(subareas) of a detection area. 
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Radimtion may be collected from a part of a detection acta or from the total detection area 
dependent on die settings of the controller. Typically, radiadon i$ collected fimn ai least SO 
% of each detection area, such as at least 80% or at least 90 % up to 100%. The subareas 
S from which radiation are collected preferably are homogeneously distributed over a 
detection area and/or with or without overlap between subareas that are n^t to each odier. 
The overlap, i.e. the part of a subarea which is common for two overlapping subareas. may 
be £ 25%, such as ^ 1S% or ^ 5%. The overlap may also be 2 25 %. If so desired tbc 
settings may be selected to exchide collection from a detection area zone in which there is 
10 insignificant radiation, i.e. the coxresponding zone in xht detection microcavity associated 
with the detection area contains insignificant amounts of the substance infhiencing the 
radiation to be collected. 

The individual subareas discussed in the preceding paragn4>h typically have the same 
IS dimesions as the focal area. See below. 

Detection Principles and the detector head. 

The micioflttidic devices of die kind used in present invention typically require detection 
of very low absolute amounts or concentrations of substances in the detection microcavity. 
20 It is therefore imperative in many variants of the invention that the detection principle shall 
enable detection and quantificaticm of substance amounts that are < 10'^^ mole p^ 
detection area/detection nucrocavity, such as <l 10'^^ mole or £ 10'^' mole per detection 
area/detection mittocavi^. 

25 Typical detection principles are spectrometric and/or based on collecting radiation that is 
associated with the presence/absence and amount of a desired substance in a microcavity 
: associated with a detection area. The detection principle should be applicable to 

: microfluidic devices in which the detection microcavities are fabricated in black plastic 

. material. Based on these criteria, detection principles based on absorbance of visible light 

30 passing through a detection microcavity are often ruled out Typically the radiation is 
"J. fluorescence, chemiluminescence, bioluminescence, scattered light ete. For certain 

[ " ' -^ detection principles collecting of radiation requires irradiation. Applicable detection 

principles includes measuring a chaage in wave-length(s), polarisation, life-ttme. 
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scattering, intensity cic between irradiation and radiation as a function of the presence of 
the substance of interest tn the detection microcaviiy. With respect to principles utilizing 
the measurement of radiation in form of light emitted ftum a desired substance, confbcal 
technique can be considered outstanding, in particular for discs made of plastic material 
5 Typical examples are luminescence and fluorescence principles, with laser induced 
fluorescence (UF) being preferred 

The detector head typically is part of a detector unit and is capable of collecting radiation 
from the target area to a photon mcasxiring unit. The target area may for instance be a part 

10 of a detection area. A typical detector head conq^rises an objective, and, if needed, a band 
pass filter which is selective for the radiation to be collected, and a lens system or the like 
for focusing the radiation from the focal area to the entrance of the photon measuring imit 
The photon measuring unit may for instance be a photo multiplicator tube (PMT), an 
avalanche diode or the like. A light guide may be inchided for guiding the light to the 

15 photo muhiplicator tube, avalanche diode etc. Jn the case confocal technique is built into 
the system, a pin-hole or the like is placed in from of the Mttance of the photon measuring 
unit; The pinhole is adapted (size and position) to prefmntialfy pemiit photons from the 
focal area of the objective to pass into the photon measuring unit. 



20 The detector head may also comprise a system for inadiatir^ die target area if the 
detection principle utilized requires this. In this case the system comprises a source for 
irradiation and the appropriate focusing system with an objective which focuses tbo 
irradiatiation to a focal area that coincides with the focal area from which radiation is 
collected. The inadiation source typically is a light source, which depending on the 

25 detection principle gives monochromatic light, for instance laser light, light of a 
predetermined band width, polarized light etc. If confocal technique is built into the 
system, a pin-hole or the like may be placed between the irradiation source and the system. 

The size of the focal area typically is less than the size of a detection area. The width of a 
30 focal area in one direction (direction 1) is typically essentially ^ 1/5, such as of the ^I/IO, 
of the corresponding width of a detection area and in a perpendicular direction (direction 2) 
within the same limits or larger. In other variants the focal area may have a size enable it to 
embrace one or more detection areas, for instance by covering detection areas or parts 
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thereof that arc at the same angular position co-ordinate(s). In prefened cases the focal 
area is rounded, with specific emphasis for essentially circular variants. 



j In piefened variants, fte beam padis for irradiation and radiation, respectively* are 

5 coinciding but with opposite direction, at least in the part of the detector head which is 
closest XQ the objective i.e. as illustzated in figure 2. Hie directions of flie beam paths are 
I* preferably perpendicular to tte target area (in diis case the smhcc of a disc which is placed 

I in the disc holder (lOS)). 

to In some preferred variants, the detector head may be a pick-up head which may be 
designed as illustrated in figure 2. This variant is in panicular suitable for laser induced 
fluorescence (LIF) and is adapted for quantitative measurement of fluorescence from 
detection microcavities containing nl^volumes which arc present in discs fliat can be spun. 
Confocal technique is included. 

15 

The pick-up head (200) ilhistrated in figure 2 emprises a laser source (201) whose beam 

is reflected on a dicluoic minor (202) and focused through an objective (205) to a part of a 

detection microcavity (203) positioned in front of the head. The q>i-fiuoresc6nt light is 

passed tfaroogih the dichroic mirror and through a band-pass filter (206), selective for Hie 

20 flourochrome at hand and is finally focused onto the entrance of a photo multtplicaior tube 

(PMT) (207) by means of an aspheric tens (208). Pin-holes (209 and 210) are positioned 

between flie entrance of the laser beam and the dichroic mirror, and in front of the PMT 

(207). The size and position of the pin-hole (210) are adapted so that the focal area of the 

laser beam is inside the detection microcavity. The size of pin-hole (209) is adapted so that 

25 preferentially emission light emanating from the focal area is passed into the PMT (207). A 

---^ mirror spot on a glass disc or the like may replace the dichroic mirror. 

♦ • # 

In the case fluorescence is to be measured an alternative detector head is to use an acuosto 
optic tunable filter (AOTF) as suggested in WO 0039S45 (Amersham Pharmacia Biotech 
30 AB, Tormod. hereby incorporated by reference). 



The detector head may alternatively be in the form of a linear and/or an area detector head 
comprising cme or more parallel rows of detector elements and being capable of collecting 
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light from an area, e.g. in ihe form of a straight line oriented radially in relation to a disc 
which is placed on the disc holder (105). The detector elements may be so called avalanche 
diodes. 

5 If fluotescence is utilized, the wavelength of the radiation coming fiom the light source is 
adapted to fit the excitation wavelength of the fluorochrome of the subs^ce from which 
fluorescence is to be measured. In the case fluorochromes havmg separate emission 
wavelengths are to be measured from the same surface, it may be appropriate to inchide 
means that are capable of separating out the various emission wavelengths before 
10 measuring the photons. This may be accomplished by placing a filter, a gittc^, a prism etc 
in the beam path before the photons are counted. See for instance D£ 4419940, Tfingler; 
WO 9939165. Leica Microsystems. Engelbardt et al; and WO 9939231, Uica 
Microsystems, Enhelhardt which are hereby incoiporated by reference. 

IS If fluorochromes that differ in excitation wavelength are to be measured from the same 
disc surface, the detector unit may comprise a light source which can be switched between 
the ^citation wavelengths or which pennits excitation of the different fluorochromes at 
the same time. 

20 An alternative for measuring fluorochromes of different excitation and/or emission 
wavelengths by a common detector head is to incoiporate separate detector heads for each 
fluorochrome in the detector unit 

By using a detection unit which is capable of measuring radiation from different 
25 fluorocfaromoeSy it will be possible to measure several substances in parallel, for instance 
Aeir presence in the same microcavity. 

* 

I" I What has been said above with respect to measuring fluorochromes of different emission 

: * . wavelength also applies to luminochromes except that no irradiation is needed 

30 

MiCROFtUlDIC DEVICE 

The microfluidic device used in the various aspects of the invention comprises a pluiality 
of microchannel stractures in which aliquots of liquids are transported and/or processed. 



31/12/^01 17:45 GYROS m 00996660286 A NR. 309 miS 

018566350 1^1, 4 pj. ^ 

Inlet Patent- ochreperket 
2001 -12- 3 1 

200M2.31 16 HuvudfaxenKassan 

GY0044SEU 

The devices typically are disc*shaped with the microchannel stractuxes oriented in one or 
m re planes. The structures are covered in the sense that their interior is in contact with 
ambient atmosphere primarily via separate inlet and/or outlet openings and/or vents. Each 
microchannel structure comprises one or more detection microcavities and possibly also 
5 one or more reaction microcavities, and microconduxts connecting these parts with each 
other. A reaction microcavity may coincide with a detection xnxcrocavity. The result of the 
processing in a microchannel structure is measured as radiation from a detecticm area 
which is directly or indirectly associated with a detection microcavity. This includes that 
radiation can be guided within the microfluidic device firom a detection mimcavity to a 
10 part/surftce area not directly associated with the microcavity, for instance via an optical 
fiber. 



A disc typically has an axis of symmetry (Cn) where n is an integar > 5 preferably oo (Co). 
In other words the disc is preferably circular. Once a disc of this kind has been selected it 
15 opens up the possibili^ to use spinning (centrifugal force) for driving liquid within the 
microchannel structure. 



Different principles may be utilized for transporting the liquid aliquots wittiin &e 
microfluidic device/microchannel stractures. Thus inertia force may be used, for instance 
20 by spinning the disc. Other forces aie capHhry forces, eiectrokinctic forces, hydrodynamic 
forces etc. 

Microfluidic devices that have an axis of symmetry and are intended for rotation may have 
a borne position mark as discussed above. 

25 

. The term "a plurality of microchannel structures^ means two, three or more micxochanncl 

: structures. Typically the term ''plurality^* means ^ 10, such ^ 50 or ^ 100 microchannel 

structures. 

30 The microfluidic device may also conqyrise common channels connecting different 

• ' • * 

-I' microchannel structures, for instance common distribution channels for introduction of 

liquids and common waste channels including waste reservoirs. Common channels 
. - . including their various parts such as inlet ports, outlet poits, vents etc are considered part 
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of each of the microchannel siruciures they are coimecting. Common microchannels may 
also connect fluidly groups of microchannel stiuctures that are in different planes. 



The tenm ''microchanner\ '"micioconduit" etc contemplate that a channel structure 
S comprises one or more cavities and/or channels/conduits that have a cross-sectional 
dimension that is ^ 10^ ^m» preferably ^ 10^ The lower limit is typically significantly 
larger than the size of the laxg^t reagents and constituents of aliquots that are to pass 
through a xnicrochaxmeL The vohnnes of microcavittes/mlcrochambers are ^ically s 
1000 nl, such as ^ SOO nl or < 100 n1 or < 50 nl or S 2S nl, which in particular ai^lies to 

10 the detection xnicrocavities. Chambers/cavities directly connected to inbt ports for liquids 
m^ be considerably larger, e.g. microchambers/microcavities intaided f<nr application of 
sample and/or washing liquids. Microformat means that one, two, three or more liquid 
aliquots that axe transported within die device have a volume in the fil-rangp, i.e. ^ 1000 |il 
such as < 100 |il or < 50 |Ld including die nl-range (nanofimnat), such as <, 1000 nl or !S 500 

15 niors lOOnlorSSOnl. 

The mim>fluidic device may be made from different materials* such as plastics, glass» 
silicone polymers etc. The detector area should be transparent/translucent for the detection 
principle utilized by the detector. From the manufacturing point of view plastic material is 

20 many times preferred because the costs for the material are noimally low and mass 
production can easily he done, for instance by replication. Typical manufacturing 
processes involving plastic material axe replication by embossing, moulding etc followed 
by attaching a top lid covering the open microchannel structures so obtained. See for 
mstance WO 9116966 (Pharmacia Biotech AB, Ohman & EksirOm). However, plastic 

25 materials may interfere with several sensitive detection principles. Their high auto* 
fluorescence is disadvantageous for norma] fluorescence techniques in case low absolute 
amounts of fluorescem substances are to be measured. This points to the fact that it is 
important to match the material in the device with the detection principle used. At die 
priority date of this invention the preferred disc material is ptastic material^ such as 

30 polycarbonates and plastic material based on monomers which consist of a polymerisable 
carbon-carbon double or triple bonds and saturated branched straight or cyclic alkyi and/or 
allcylene gioups. Typical examples are Zeonex™ and Zeonor^ from Nippon Zeon, Japan, 
with preference for the latier. See for instance WO 00S6808 (Oyzos AB, Larsson, Ocklind 
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and Derand) which is hereby incorporated by reference. In this context silicone polymers 
such fis poly dimethyl sil xane (PDMS) and the liiee are not considered to be plastic 
material. 



S It is known that black plastic material, for instance containing graphite powder or carbon 
black» absorbs light and thmfore has a low auto-fluoresceiice. Itanqport of ligjit widiin 
black plastic material is prevented Black plastic material will be very e£5ciem for 
microfluidic devices when fluorescence axid luminiscence measurements are relied upon. 
Black plastic material should in this cases be avoided in the detection areas. 

10 

In case a lid is needed as for most discs obtained by replication, plastic lids of different 
origin may be used, for instance Mclinex™ 12 PET and Melincx™ 17 OPP (Du Pont, 
etc. 



IS From the auto-fluorescent point of view an optimal combination of transparent plastic 
material appears to be Zeonor^ for replication and Melinex™ 17 OPP as the lid. This 
combination of material is likely to be useful for excitation wavelengAs in die interval 
480-650 nm. 



20 The plurality of detection microcavities and the corresponding detection areas are 
preferably arranged in subgroups such that all members of a subgroup are positioned at flie 
same radial distance and/or at the same angular position and/or have equal length and/or 
cross-sectional dimensions. Within each subgroup there may be at least two, three or more 
detection microcavities (detection areas), such as > 10 or ^ 25 or ^ 50 detection 

25 microcavities (detection areas). 

A detection area in the inventive anangement typically has a size within the range of 1x10^ 
- 2x10^ imi^, such as 1x10^ - 10^ pxn^. Their length and/or breadth are typically within the 
range of 0.5x10-5x10^ M™, such as 1x10 -10^ m^^. 

30 

The experimental pan of ib^ above-mentioned cop«iding patent applications US SN 
60/322,621 and SE 0103117-8 present results obtained with the present inventioiL The 
design of the microcbannel structures (301a,b,c etc) used is illustrated in figure 3. The 
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stiuctures are linked together by & common distribution channel (302) and a common 
waste channel (303). The orientation of the microchannel structures around a common axis 
of symmetry is an>aienL The circumference (304) of the disc has a tiome position marie 
(305). Each of the combined reaction/detection microcavities (306a,b»c ete) is 
5 conununicadng in the do^rastream direction with the common waste channel (303) and in 
the iq>stream direction via sqpaxate ccnmections with the conuion distiibiitian channel 
(302) and separate volume measuring units (307a,b,c etc). A surfiice detection area 
(317a,b»c etc) is associated with each detection microcavity. The conunon distribution 
channel (302) carries at one of its ends and at an inteimediary position inlet poits (308 and 

10 309, respectively). Another kind of inlet port (310) is located at each volume measuring 
unit (307a^,c etc). Each microchannel structure (301a^,c etc) also has an outlet to the 
common waste channel (303) and an outlet port (318) at the remaining end of the common 
distribution chaxmel (302). An inlet vent (311) to ambient atmosphere is connected to the 
common distribution channel via a common venting channel (312). Other vents (313 and 

IS 314) to ambient atmosphm are placed in the common waste channel (303) and in the 
connecting microconduit between each reaction/deteciion microcavity (306a.b«c ete) and 
the common waste channel (303). Appropriate valvings are positioned at 315 and 316 in 
each mioodiannel structure (301a,b,c etc). Fuztiier details are presented in US provisional 
application and SE ^plication given above. 

20 

The diameter of the preferred discs is about the same as c<mventional CDs but may be 
larger smaller, for instance up to 300 % or larger and down to 10 % (n* less. 



25 Processes TO HE PERTORMED WITHIN THE MICROFLUIDIC DEVICE. 

The processes that are carried out within the individual microchannel structures comjaise 
assay protocols, organo^hemical or biochemical synthesis protocols etc. Typically the 
protocols comprise introduction of one or more liquid aliquots containing the necessary 
reagents/reactants into a microchannel structure, bi the case of assay protocols, <me of the 

30 aliquots is a sample which is uncharacterized with respect to at least one feature, e.g. type» 
form and/or amount of an analyte. 
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The processes comprises that the substance, which is associated with the radiation to be 
collected* is formed and/or retained in the detection microcavity under static conditions or 
under flow conditions. The reaction system for retaining may be homogeneous or 
heterogeneous, i.e. with or without the desired substance being partitioned between a liquid 
5 phase and a solid phase. && case of flow conditions and microfluidic deviees in the fomi of 
discs, the flow direction in the detection microcavity may be towards the ciicumfeience 



(outwards) or towards the center of the disc (inwards), or essentially parallel with the 
circumference of the disc. Also odier directions may be utilized. 

10 Process protocols may utilize specific reactions between reactants having mutual affinity to 
each oHxet leading to a (a) formation of an affinity complex diat is immobilized to a solid 
phase in a detection microcavity or (b) one or more other reaction products that niay be 
soluble or insoluble in the detection microcavity. By properly selecting the reaction 
conditions including selection of reactants, it can often be arranged so that the product 

15 obtained and/or a reagent in excess are detectable with a signal that can be (a) measured 
from the above-mentioned detection areas and (b) related to one oar more features of a 
starting liquid aliquot introduced into a microchannel structure. Typical such feahires are 
kind, form and amoimt including activity etc of a particular reactant including for instance 
an affinity reactant such as an enzyme etc. The term '*can be related to one or more 

20 features" includes also the determination of the maimer in i^iich reaction variables such as 
pH» ionic strongth, detergents etc might influence tiie reaction used fbr forming the 
reaction product Typically, one makes use of detection principles based on radioactivity, 
fluorescence, chemiluminescence, biohiminescence, enzymatic activity, chromogens. light 
scattering (turbidometiy) etc, for instance by utilizing a reactant that carries a group 

25 providing detectability, either by being detectable as such or by being transformable to a 
detectable group. Typically the utilized process protocol means tiiat a detectable reactant is 
incoiporated into a conqplex or into some other reaction product See for instance our 
copending ^plications US SN 60/322,621 and SE 0103117-8 discussed above. Detectable 
products, reagents etc diat can be retained and measured in a microcavity are collectively 

30 called ''substance** in otiier parts of tiiis specification. 



Typical reactants in tiiis context include members of affinity pairs such as (a) 
antigen/hapten and the corresponding antibody including its antibody active fragments, (b) 
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lectin and the corresponding carbohydrate structure, (c) native ligands and the 
corresponding reccpujrs, (d) complementaiy nucleic acids including synthetic variants such 
as synthetic oligonucleotides, (e) Ig(Fc)-binding proteins and Protein A, Protein G and 
other Ig(Fc>receptors, (e) ion pairs of opposite charges, enzyme and the substrate, 
5 inhibitor, co&ctor, coenzyme etc that can bind to the en^rme. etc Synthetic variants more 
or less mimicking a native affinity interaction arc also inctaded. ^ 

The second aspect of ike invention. 
This aspect comprises an arrangement comprising 
10 (a) A microfluidic device in which there are one. two or more detection microcavities 

fabricated in plastic materiaL Each detection microcavity is associated with a defection 
area on the surface of the device, and 
(b) A detector with a detector head for collecting radiation emitted from a substance via a 
detection area. The substance is present in the detectiosi microcavity that is associated 
1 S with the detection area. 

The characteristic feature is that the detector head utilizes confocal technique. 

Details about the various parts of the arrangement and confocal te&faniqoe aie given 
elsewhere in this specification. This aspect is primarily useful for detectors measuring 
20 radiation in the form of fluorescence and/or luminescence. 



The third aspect of the invention. 

This aspect is a method for determining the amount of a substance in a detection 
nucrocavity of a microfluidic device and comprises collecting radiation associated with the 
25 substance ftom a detection area associated with the detection microcavity. The method is 
characterized in comprising the steps of: 
a) i»oviding 

(0 a microfluidic device. e.g. in the form of a disc, comprising 
A) a plurality of microchannel structures, each of which has an inlet port, a detection 
30 microcavity and a microconduit connecting the inlet port with the detection 

microcaviry, and 
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B) a plurality of detection areas, each of which being (1) associated with ne of said 

detection roicMcavixies. (2) present in 4e surface of said device and (3) 

tianslucent/lransparent for said radiation, and 

ii) a detector anangement which is cqnble of collecting radiation flrom individual 

5 subaxeas of each of said detection areas; 

b) processing one or mote liquid aliquots in at least one of said phitality of microchannel 
structures so that the substance is retained in the detection tniciocavity of each of said 
at least one of said phinUty of microchannel structures, provided that said substance 
and/or one or more reagents that are necessary for the substance to be retainod in a 

10 detection microcavity are present in ax least one of said one or more aliquots; 

c) scanning the detection areas associated with the detection microcavities that are part of 
microchannel structures in which step (b) has been carried out to obtain radUtion fiom 
individual subareas of each scanned detection area, said scannmg being performed by 
the use of said dertector arrangement; 

15 d) integrating radiaooa as a fimction of tiw subareas of each scanned detection area to 
obtain the amount of radiation from each detection area; 
e) characterizing for each of the amounts obtained in step (d) a leactioa variable that has 
been inchided in the process protocol used f«r each miciodiamiel strocmre. s the 
amount of the substance in the each of ti» corresponding detection miciocavities. 



20 



Further details about characterization of reaction variables are discussed above and in our 
copending patent appUcations US SN 60/322,621 and SE 0103 1 17-8. TTxc characwrization 
inchides e.g. tiiat the amount of substance in the each of tiie detection microcavities is 
determined ftom each of die amounts obtained in step d). 



25 



The microHuidic disc and steps b) and c) are iUustraied elsewhere in this spedficatioa In 
addition to circular scanning, e g. by rotating a disc, step (c) also comprises non-ciicutar 
scanning for instance scanning by lateral moving of a linear detector head comprising one 
or more rows of detector elemcails over the detection areas. Also imaging by a CCD 
30 camera is included. The microfluidic disc may be circular or have some geometric form, 
for instance triangular, rectangular, etc inchiding also irregular forms. 
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Step (d) means integration over each detection area, i.e. primarily over subaieas which 
have ladiatioD values that deviate from the values obtained for sur&ce pans of the device 
that suixounds die detection area. Alternatively one may exclude all or selected parts of a 
detection area which corresponds to paits of a detector mictocavity in which the presence 
5 of the substance is insigniGcant The integming step includes die substeps of (a) finding a 
start and/or stop position at edges of the detection are^e.g. at an end corresponding to the 
inlet end of the detection microcavity, and (b) the factual integrating. In one variant 
substep (a) is carried out by determining the inflection point for the amount of radiation per 
subaiea versus position along the detection area. Due the fact that the delineating part of 

10 the detection area may be curved, at die upstream end, the invention also suggests that the 
integration should account for curvatures in the circumference of a detection area. In a 
preferred variant, substep (a) comprises determining a threshold that segments detection 
area pixels from the background, e.g. if die detection microcavity is filled with a particle 
bed a threshold that segments the particle bed pixels ftom bacl^ground pixels. This can be 

15 done with optimal thresholding or determining median or mean background or any odier 
way of determining background (for ''optimal thresholding*' see for instance "Digital 
Image Processing*', 2*^ edition. Editors: Gonzales R C et al, page 354). In diis case substep 
(b) will mean integrating a selection of pixels, i.e. those pixels which have radianon vahies 
above the threshold and belong ^ the main gn>up (detection area) and excluding noise 

20 pixels above threshold that do not belong to the main group of coimected pixels. The 
integrating typically starts from pixels corresponding to one end of die detection area, e.g. 
the inlet end 

Between the preferred variant of substeps (a) and (b) there are prefbably additional 

25 substeps for refining the method, such as 

• • " ; i) Creating a binary image from the calculated threshold. 

: ii) Labelling die high binary pixels itito different groups (= labeling die image). Each group 

. . . . : will consist of pixels that are bordering to each other (close to each other). The binary 

, . high pixels from the detection area will define the main group. 

• « • 

30 iii) Optionally removing all binary high pixels that do not belong to the main gfcnsp* 

Xhe factnal integrating (main step d) will in this case mean integrating die radiation vahies 
for the binary high pixels of the main group. 
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We have found that when working with very small volumes and amounts, the material 
from which a devic is manufactured as well as the preireatnient procedures may introduce 
xadiaiion artifacts in form of peak noise that is comparable to the radiation coming from 
subareas outside the peak. Therefore step (d) may also comprise substeps for mnovii^ 
5 peak noise. This typically means a first substq> in which die deviating radiation (peaks) 
are made more apparent One way of doing this is la Place filtering, point detection and the 
like. See for instance '^Digital Image Processing", 2"^ edition. Editors: Gonzales R C et al, 
pages 333, 334 and 339 (1987). In a subsequent substep the width and die position of each 
peak is calculated for instance by including edge detection or edge linking based on a local 

10 area etc. See for instance **Digital image Processing'*, 2^ edition. Editors: Gonzales R C et 
al, pages 334 and 344 (1987). In the next substep the peak noise is removed by 
interpolating from surrounding subareas< An altemaxivc way lo the whole process of 
removing peaks is morphological opening* un-Unear filtering operating in local histogram 
domains etc. These subsieps for removing peak noise is performed prior to the factual 

IS integration. 

Step (e) is conventional and typically includes that the integrated vahie is compared with 
the value for one or more standards. A standard value is typically the in^giated value for a 
known amount of a standard substance, which in most cases is the same as tbe substance 
20 under investigation. 

The scanning step (c) and integratmg step (d) may in certain innovative variants of the 
third aspect of the invention be optional. Thus these steps are preferably included when the 
desired substance is unevenly distributed within the detection mioocavity. In a typically 
25 case this may happen when the substance is retained within the detection microcavity 
.':*- under flow conditions, for instance by being captured to a solid phase introduced into the 

: microcavity prior to the fluorescent substance. 

In the case the substance is homogenously distributed within the detection microcavity the 
30 scanning step (c) and integrating step (d) may be replaced with collecting the radiation 
intensities for selected subareas of a detection area and letting these intensities represent 
y-'^ the total amount of radiation from the detection area, for instance as a mean ormaximum 

valtie. Step (e) can then be carried out on these values in the same manner as for values 
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btained by scanning and integrating. This way of pcrfonning ihc method is also a pan of 
the present invention. 

Homogenous distribution of the substance in the detectim microcavity typically is at hmd 
5 in case the substance is pnseai in the detection microcavity in an equililmted solution 
and/or when a reaction is going in the microcavity between komoge^usly distributed 
leactants either forming or producing the substance that is to be detected. 

The innovative method of the diird aspect inchides that steps (d) and/or (e) are performed 
10 in close connection to the preceding steps [(aXc) or (aHd), respectively] and/or that the 
data fiom the scaiming and/or the integrating have been obtained at an earlier time» for 
instance at a different geographical location, and/or by differrat individuals. 

Steps d) and c) are typically performed by the appropriate software for instance included in 
15 tihie controller or elsewhere, for instance not in physical association with the innovative 
airangem»ts described herein. 

The invention also comprises computer program-related aspects far treating radiation data 
that have been assembled by steps (aHc) of the innovative method. One such aspect is a 
20 coinpttt^ program product that 

(1) comprises program code elements coiresponding to a sequence variant of step (d) 
above comprising one or more of the substeps described for this siep» and 

(2) when installed on the appropriate hardware is capable of causing the hardware 
(con^uter) to execute the sequence of substeps on data which have been obtained by 

25 performing step (c) above on any kind of microfluidic device irrespective of being 
spiruiableornot. 

Other code elements may be included, for instance corresponding to step (e) in order to 
execute the sequence (dHe). Another computer program-related aspect is the computer 
program product stored at a computer program readable means which, when the product is 
30 loaded, makes it possible for a computer to perfonn the sequence of steps corresponding to 
the code elements in the stored computer program product. A third computer program- 
related aspect is a carrier having at least one of the innovative computer program products 
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thereon. The carrier may be a computer memoiy. a Read-Only Mcrooty or an eleclncal 

signal cairier. 

Certain innovative aspects of the invention is defined in more detaU in the appending 
S claims 
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I . A detector arrangement that is adapted for measuring radiation ficom selected detector 
areas in a miciofluidic device comprising 
S 0 adiscwithanaxisofsynmietty, and 

ji) one or more detection areas eaclj^ of which is associated with a detection 
miciocavity possibly containing a sobsfance causing the radiation to be measured, 
said arrangement comprising: 
(a) a detector head (in) wiA a focal area, and 
10 (b) a disc holder (lOS) and means 1 003.104) enabling for the focal area to transverse 
the surface of the disc (101) in an essentially circular manner, and 

(c) means n (106.107) enabling for the focal area to transverse the surface of the disc 
(101) in an essentially radial direction, and 

(d) an angular aligning system (108,109) for recognizing the angalar position of the 
15 part area which at a particular time is covered by the focal area, and 

(e) an optional radial aligning system (110,111) for recognizing the ladial position of 
the part area which at a particular time is covered by the focal area, and 

(f) a controller (112) that controls 

(i) tiiat means I and means a will cause the focal area to transverse die 
20 detection areas (317a»A>%c' etc) in an annular zone of the disc, and 

(ii) that the detector head (102) successively collects radiation in a (^selected 
manner fiom individual subareas within at least one of the detection areas in 
said annidar zone. 

25 2. The ainmgement of claim 1. characterized in that the detector h^^ 
induced fluorescence, preferably combined with confocal technique. 

3. The arrangement of any of claims 1-2, characterized in that the focal area has 
dimensions such that it covers a selected number of detector areas which are at the same 

30 angular position, or only a part of a detector area, 

4. The anangcment of any of claims I -3, characterized in tiuit the disc to be used has (a) a 
home position mark, (b) means I preferably comprises a spinner, (c) the angular aligning 
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^^^^mprises an encoder, the grades of which are linked to angular positions <m the 
disc relative to the home position mark, and (d) means U cotnprwes a translation 
responder for moving the detector head in a radial direciioii. 

5 5. Theaiiangernentofanyof claims lAcliaractorbedinthatthedi« 
material, such as black plastic materiaL 

6. The arrangement of «iy of clahns 1-5. ctawctwixwl in that ifae substance has become 
immobilized in the detection roicrocavity during flow conditions. 

10 

7. An arrangement comprising (a) a microfluidic device in which there are one, two or 
more detection mioocavities and which is fabricated in plastic material each detection 
microcavity being associated with a detection area on the surface of the device, and (b) a 
detector head comprising an objective for collecting radiation associated with a 
substance which is present in the detection microcavity, dwracteriwd in Aat the 
detector head utilizes confocal technique. 

8. Tbe anangement of claim 7, characterted in that the radiation is flooicsccnce or 
luminescence. 

9. Tbe arrangement of any of clahns 7-8. charactarlaed in that the puliation is laser 
Induced fhxoresrance. 

10. The arrangement of any of claims 7-10. characterized in that the device is in the form 
ofadrcular disc wiuch is spinnable so that the objective transvcKC at leastapart of the 

detector areas, possibly with a radial movement of the detector head relative to the disc 
in order for the objective to completely transverse the detector areas. 

1 1 . A method for detennining Ac amount of one or mote substances characterized in 
30 comprising the steps of: 

(a) providing 

(i) a microfluidic device. e.g. in the form of a disc, comprising 
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GY 0044SEn ^ ^^^^^^^ ^ie^hannel structuies, each of which has an inlet port and a 

detection microcavity, and 
B) 8 plurality of detection surface areas, each of which is associated with one of 
said detection microcavities, and 
5 ii) a detector anangement which is capable of coUecting nuUation fi«<n individual 

sobareas of each of said detection areas; ^ 

(b) processing one or more Uquid diquot. in at least one of said ph«ality of 
^^doehannel structures so that at least one of said one or more substances can be 
retained in the detection tnicrocavity of each of said at least one of said pluraUty of 

10 nucrochannel structures; 

(c) scanning the detection areas associated with the detection microcavities that are 
part of nucrochamiel souctures in which step (b) has been carried out 10 obtain 
radiation &om individual subareas (pixeU) of each scanned detection area, said 
scanning bemg performed by the use of said detector arrangement; 

15 (d) integrating radiation as a function of subarea for each scanned detection area to 
obtain die amount of radiation ftom each detectum area; 
(e) relating each of the amounts obtained in step (d) wiUi tiie amount of s«d at !e»» 
one substance retained in tiie corresponding detection mictocavity- 

20 l2.Themethodofclaimn.ch.r.cterl«dinth.ttheinfh«nceofpeak^^ 
result of die integrating is removed in step (d). 
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ABSTRACT 

A detector arrangement that is adapted for «ea«ring radiation detection «eas in a 
miciofioidic device. The anangonent comprises: 
5 (a) a detector head widi a focal area, and 

(b) a disc holder and means I enabling for the finad an» to trmvcise the ^ 

disc in an essentiaUy citcular maniwr, and 

(c) means H enabling for the focal area to transve«e the surface of the disc in an 

essentially xad\t\ direction, and 
10 (d) an «igular aligning system for recognising die angolar position of the part «:ea which 
at a particular time is covered by the focal area, and 

(e) an optional radial aligning system for recognizing the radial position of pait 
which at a particular time is covered by fte focal area, and 

(f) a controller d»t controls 

15 (i) thatmeansIandmcansH«mca«sethefocalareatot«u«ver8ethede.ectionaxeas 

in an annular zone of the disc, and 
(ii) d»t the detector he«i successively coUects radiation in a preselected mamicr ftom 
individual subareas size within at least one of the detection areas in said annular 
zone. 

20 
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Fig2 
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